Such disruption was never observed in ventricle explant cultures in which endothelial-mesenchymal cell transition did not occur. The disintegration of AV endothelial outgrowth must be closely related to its capability to transform into mesenchymal cells and mitotic activity to keep a depository of endothelial cells. (J. Oral Sci. 40, 17-23, 1998) 
Abstract: Endothelial cells in the atrioventricular (AV) segment of the developing chicken heart undergo a transition into mesenchymal cells. When the AV segment is explanted onto a hydrated collagen gel, endothelial cells grow out and reproduce in vivo cell transition regardless of the precise orientation of the explant on a gel. Our results showed that when the luminal side of an explant was placed towards a gel surface, the inverted polarity of endothelium was not adjusted by direct reorganization of polarity, but that the endothelium crawled down so as to settle on a gel surface in the correct original cell polarity. Subsequently, endothelial cells showed cytoplasmic hypertrophy, formed microvillous projections and then extended filopodial migratory appendages. These cellular changes were quite similar to those in vivo. However, the continuity of the endothelial layer was specifically disrupted in AV explant cultures.Introduction A significant feature in early cardiac development is the formation of tissue protrusions into the lumen of the atrioventricular (AV) canal (1, 2) . These protrusions are designated endocardial cushions that are the embryonic primordia of mitral and tricuspid valves and a part of the interatrial septum (3, 4 
Results
In control cultures established by placing the myocardial side of explants towards a gel surface, endothelial cells simply grew out from the top of explants onto a gel surface. Mesenchymal cells were formed from not only the endothelial outgrowth but also the preexistent endothelium at the top of explants. In the latter case, newly formed mesenchymal cells were observed in the cardiac jelly between endothelium and myocardium (Fig. 2) . Mesenchymal cells derived from the endothelial outgrowth were observed not only just beneath the growing endothelial sheet but also within an artificial 3-dimensional lattice of collagen below the myocardial mass.
When the luminal side of an explant was placed on a gel, simple outgrowth did not occur from the endothelium because of its inverted polarity. It appeared that endothelial cells first crawled down onto a gel surface, began to form a secondary endothelial layer, and then grew out beneath the explant as well as its periphery (Fig. 3) .
Along with these sequential events, cell transition occurred from both the primary (or original) and the secondary endothelia. Endothelial cells in the newly formed secondary layer transformed to mesenchymal cells and migrated into an artificial lattice of collagen, while cells in the primary layer migrated upwards into the acellular cardiac jelly of the explanted tissue (Fig. 3) .
In both endothelia, premigratory cells showed cytoplasmic hypertrophy that is believed to indicate an activated state prior to the initiation of cell transformation (1, 4, 5) . When compared to 4 h cultures, the continuity of the endothelial cell layer was more disrupted in 6 h cultures.
At a cellular level, in vitro endothelial cell in the process of cell transition showed a cascade of changes in its morphology (Fig. 4) . Initial squamous endothelial cells thickened and went into a state called hypertrophy. Microvillous projections were formed at the basal surface of those cells. Just before migration into a collagen gel, each endothelial cell extended a well-developed filopodium, or a migratory appendage, deep into the gel. The filopodium was rich in cytoplasmic microfilaments. These characteristics of endothelial cells during cell transition in vitro are quite similar to those in vivo (Fig.  4) . There was, however, a remarkable difference in endothelia between in vivo and in vitro. In vivo, the continuity of the endothelial cell layer was, of course, never disrupted in any stage examined. In vitro, the intercellular junction of endothelium was lost as cell transition proceeded, resulting in the disintegration of endothelial cell layers (Figs. 4 and 5) . The disruption was not a non-specific phenomenon under a culture condition, because it was observed specifically in AV explant cultures but not in ventricle explant cultures (Fig. 5) . In the ventricle explant cultures established by placing the luminal side towards a collagen gel, cells crawled down from the original endothelium of the explant and formed a secondary endothelial cell layer on a collagen gel, but none of those cells were transformed into mesenchymal cells as reported previously (2, 16, 17) . Futher, the continuity of the secondary endothelium was maintained in the culture of at least 5 days. In contrast, the secondary endothelium of AV explant cultures disintegrated on a collagen gel even after 4 hr in culture. Using a Hoffman modulation contrast microscope, disruption of the endothelial sheet as shown in Fig. 5B was observed in 54 of 60 AV explant cultures, and continuous endothelial outgrowth as shown in Figure 5D was observed in 51 of 52 ventricle explant cultures.
Discussion
An explant culture system on a 3-dimensional hydrated collagen gel was devised by Bernanke and Markwald (9) and has been used in the study of endothelialmesenchymal cell transition that occurs in a particular segment of the developing heart (2, 16, 17) . However, it has not been explained how endothelial cells could grow out from the explant, especially when the luminal side of a cardiac explant is placed towards a gel surface; i.e., the case that endothelium is placed on a gel in an irrelevant inverted polarity. The findings obtained in the present study indicated that the inverted polarity of endothelium was not adjusted by direct reorganization of cell polarity but that the endothelium crawled down so as to settle on a gel surface in the correct original cell polarity. To examine the initial phase of the cells crawling-down, we tried to prepare specimens from AV explant cultures at 0, 2, and 3 h after adding medium, but this resulted in the detachment of explants from the collagen gel. It is likely that when the luminal side of an AV explant is placed towards a gel surface, those explants cannot adhere sufficiently to the gel before endothelial cells beigin to settle on the surface. The crawling-down of endothelial cells and the subsequent cellular events revealed in the present study are summarized and illustrated in Figure 6 . Once endothelial cells had settled on the gel surface, the subsequent cellular changes during cell transition in vitro were quite similar to those in vivo.
In the endothelial-mesenchymal cell transition in the developing heart, neural cell adhesion molecules (N-CAM) need to first be downregulated, and then endothelial cells begin to express the substrate adhesion molecule such as tenascin (18, 19) just before migrating into the cardiac jelly. The expression of these molecules and related ones in the AV explant culture on a collagen gel are regulated in a temporally relevant manner (20, 21) as in the case of cell transition in vivo. However, as demonstrated in the present study, the disintegration of endothelial outgrowth was frequently observed in AV explant cultures, but it did not happen in ventricular endothelial outgrowth that was unable to transform into mesenchymal cells. On the other hand, endothelial layer of the AV segment in vivo was, of course, never disrupted. There is no direct statistical evidence, but the number of mesenchymal cells populated within the collagen gel is apparently fewer than that observed in the AV cushion tissue, suggesting lower mitotic activity under a culture condition. If this is the case, the depository of endothelial cells in AV explant is rapidly depleted by continual cell transition and results in the disintegration of AV endothelial outgrowth. In this context, the persistence of a continuous endothelial sheet in the cultures of ventricle explants could be explained by its inability to transform into mesenchymal cells. When the luminal side of an AV explant has been placed towards a collagen gel surface (A), the inverted endothelial cells crawl down so as to settle on the gel surface in the correct original cell polarity (arrow in B). A subset of endothelial cells in the original and secondary layers initiates transition into mesenchymal cells (C). In activated cells with cytoplasmic hypertrophy (asterisks), microvillous projections are formed at their basal surface and then filopodial migratory appendages are developed. These cellular changes are quite similar to those observed in vivo, although AV endothelium in vitro becomes disintegrated as endothelial-mesenchymal cell transition proceeds. en, endothelium; cj, cardiac jelly; myo, myocardium; mc, mesenchymal cell; gel, hydrated collagen gel.
